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(54) Title: PROCESS FOR DUST-FREE ENZYME MANUFACTURE 
(57) Abstract 

This invention relates to processes for manufacture of substantially dust-free particles of enzymes by spray-coating solid 
particulate cores or seeds with fermentation broths containing enzymes. Fermentation broths containing from 5 % to 100 % total 
solids as enzyme and 4 % - 55 % total solids content in the broth may be used. For broths containing 4 % - 31 % total solids, en- 
zyme and coating agents may be spray-coated so as to achieve a weight gain of 1 % - 24 % w/w over the initial weight of the cores. 
For broths with 31 % - 55 % total solids, a corresponding weight gain of 1 % - 100 % may be achieved. The enzyme coated cores 
may be further coated with coating agents. The total dry weight added to the cores ranges from 1 % to 19 % in the absence of coat- 
ing agents and 1 % to 24 % in the presence of coating agents when the lower range of total solids content is used. The total dry 
weight added to the cores ranges from 1 % to 100 % when the higher range of total solids content is used. These conditions are 
especially useful in the granulation of enzymes with very high specific activities, so that effective enzyme activity can be provided 
by adding low amounts of broth solids to the cores. Reduction in added solids is of significant economic benefit in reducing gran- 
ulation costs. 
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PROCESS FOR DUST-FREE ENZYME MANUFACTURE 
Field of the Invention 

The present invention relates to a novel procedure for making 
dry and dust-free enzyme granules from a fermentation broth 
containing the enzyme. 

Background of the Invention 

Many commercially useful enzymes are produced by microorganisms, 
particularly bacteria, yeast, and filamentous fungi. These 
enzymes are especially useful in detergent and food 
applications. For example, enzymes useful in detergent 
applications, such as proteases, amylases, lipases, and 
cellulases, have been produced in a vide variety of microbial 
hosts. When enzymes are produced in a microbial host they are 
usually either secreted directly into the fermentation broth 
by the microorganism or released into the fermentation broth 
by lysing the cell. The enzyme can then be recovered from the 
broth in a soluble form by a number of techniques including 
filtration, centrif ugation, membrane filtration, chromatography, 
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„ a t he XiXe. The «i..olv- .n,y». can be convert to . cry 
£ or. fro. a Xiguia using — « " Precipitation 

cry staXXi*ation, or spray-arying. A ProbXe. associate with 
ary enryme preparations is that tber. is a high oust level 
aS soci.tea with the., which can cans. aer„atologic aistress 
to the manufacturer, consul, or any other person hanalin, 
the enryme. Xt has been a aesira in the art to treat these 
„ ensues so as to reauce the harara or austlng. To controX 
austing ana increase particle sire, ory ensy.es are often 
gr ,nulatea hy various means Known by those s*iXX.a in the art. 
various enryme formuXations ana processes for these preparations 

^r> alleviate the dusting 
have been aevelopea in an effort to allevia 

prob lem. For example. ™ Patent No. 2, 3, 0« aiscXo.es 
a pr oc«ss in vhich an extruaable enryme containing for.nX.tron 
is extrnaea through a aie onto the revoXving pXate of a 
spheroniring aevice to form spherical particles of the 
enryme-containin, foliations which are optionally coatea with 
a material aesignea to prevent austing. 

X„ 0 .S. Pat. »o. 4,087,368. there is oisclosea an enryme granule 
taxation in which roas or spheres of an enry^ in .amixture 
with magnesium al*yl sulfate ana ethylene oxia. are proviaea. 

„.S. Pat. Ho. 4,0,6,040 aiscloses a .ethoa for the preparation 
of free-fXowing snbstanti.XXy aust-free, spherical 
enryme-containing beaas preparea by blenaing a powaerea 
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concentrate of the enzyme with a binder in molten form and 
spraying droplets of the blend through a spray nozzle into cool 
air to solidify the droplets and form the beads. 

In U.S. Pat. No. 4,242,219, there is claimed a process for the 
preparation of enzyme-containing particles prepared by mixing 
the dry enzyme with a hydrophilic organic cohesive material, 
a building agent, or a mixture regulating agent and mechanically 
dividing it into particles of the desired size and shape which 
are then coated with a water repellent material. 

Another type of granular enzyme formulation is described in 
U.S. Pat. No 4,009,076. This formulation is prepared by mixing 
the dry enzyme with a solid nonviable substance and optionally 
a cohesive organic material as binder to form an enzymatically 
active core. An enzyme slurry containing the cohesive organic 
material can be sprayed onto, for example, sodium 
tripolyphosphate and the cohesive organic material sprayed onto 
it with subsequent extrusion through a die. The 
enzyme- containing granule is sprayed with an aqueous solution 
containing a plasticized organic resin, then dried. 

A process is described in GDR Pat. 0 151 598 in which sodium 
tripolyphosphate is sprayed with an aqueous fermentation broth 
and agglomerated in a cyclone apparatus. The agglomerates are 
removed from the cyclone apparatus while still wet and placed 
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in , mechanical blender with a crying aetergent formulation 
and intensively mixed. 

» Bri tish Pat. »o. ,,<83.S 9 1. there is a— *b- a process for 
coating water soluble or water dlspersibl. P— — 
m particles, ... • " ^ 

Evolves a dust-free coating t« -I- Par " Cl " S 

! h V other processes such as prilling 

which have been granulated by other pro 

or spheronizing. 

I„ U.S. Patent 4.6S9.297 there is described a method tor 
preparing dust-free enzyme involving dissolve or suspending 
dry enzyme in solution to „a*e a slurry with 15% - 30, total 
sclids, of which at least 30% »/w of the solids is enzyme, 
sprayiag it on a hydratable core, ana then coating it with 
M cro»ol.cular material, so a. to increase the ary weight of 
the core by between 25 and 55%. 

. __j -election have led to the 

Advances in enzyme engineering ana selection 

.re very active on a specific weight 
development of enzymes which are very ec 

basis, thereby substantially reducing the percentage of total 
aaaea enzyme broth solias needed in proauci^ an effective 
grander proauct. rurthermore, proper selection of core ana 
coating materials significantly reduces the level, of coating 
agents reguired for adeguat. encapsulation and dust control. 
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It is desirable to be able to produce a dry dust-free product 
with a relatively low percentage of total weight as enzyme, 
especially with enzymes of high specific activity. 

With these more active enzymes , it is also sometimes desirable 
to feed the spray-coater with enzyme solutions of very high 
solids concentrations. This can occur for several reasons: 

(1) proteases of high specific activity are often more subject 
to autolysis, and the addition of large percentages of solid 
stabilizer compounds may be needed to achieve high process 
yields; (2) in general , it is most economical to remove as much 
water as possible from the enzyme solution prior to 
spray-coating by methods such as ultrafiltration, thereby 
reducing the batch cycle time in the spray-coater; (3) it is 
sometimes desirable to add processing aids such as binders or 
powders into the enzyme concentrate to reduce product dustiness 
or help prevent excessive agglomeration of the granules. For 
any of these reasons, it may be desirable to provide a 
fermentation broth containing between about 31% and 55% solids 
on a dry weight basis, so long as it is not too viscous to be 
pumped through a spray nozzle. 

This invention achieves these and other desirable objectives 
in a cost-effective, efficient, and safe manner. 
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Summary: of thn Inv ention 



j f>, a f a drv dust-free enzyme 
. e<jnn1v been discovered that a ary 
It has surprisingly oeen 

; articl « can be precueea rrom term.nt.tion — ^ ~ ^ ^ 



method: . , . ^ 

al introauein* a particuXate, hyaratabXe core materia! 
. fXuiair.a-bea ana maintain^ «- core parties 

snspenaea in the reaction chafer: optionaXXy. proa.cm,. 
buiXain, up. or otherwise moaifyin, the core pacticXes in a 

f loi ai*ea-bea spray-coater ana maintaining the core parties 

suspenaea in the reaction chamber; 

W provxain, a fermentation hroth containin, frcm about » 

, , the totai soiias therein ef a water soiubX. 
to about 100* »/w of the torai 

. - 4 „ fche fermentation broth ana 

or aispersibie enzyme proaucea in the te 

. totax soiias content or 4 - 31. -/- - the fermentation broth 
sn eh that the broth has a viacosity of 10 - S.000 ope at room 

temperature and: . . , , 

c, sprayin, the broth onto the cor. ana evaporatino the Xl^ra 
to leave the soXxas coatea on the core, each that the 
fermentation broth aoXias aaaea to the cor. proviaes a totaX 
ary „ei g ht 9 ain of 1* - - «'v over the initiaX wei 9 ht of the 
core, ana optXcnaXXy the aaaitionaX step of: 

a, sprayln, a coatin, a 9 ent over the proauct of step <c> ana 

cf «c, such that the totaX soXXas consists of fermentation 
b roth soxxas pxus coatin, a 9 ent aaaea to the core proviaes a 
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total dry weight gain of 1% - 24% w/w over the initial weight 
of the core. 

Also disclosed is a similar process in which the fermentation 
broth has a total solids content of 31% to 55% w/w. In this 
process the total dry weight gain of the core particles is from 
1% to 100% w/w. The enzyme-containing particles prepared by 
these processes are included in this invention. 

Detailed Description of the Invention 

The method of the present invention is carried out in a fluidized 
bed spray-coater . Typically , such a device comprises a 
f luidized-bed dryer consisting of a conical product chamber 
that has a porous grid on the bottom and is open on the top 
to be put up against a cylindrical or conical shaped expansion 
chamber of a larger diameter than the product chamber; a filter 
to collect dust and help air flow is placed at the far end of 
the expansion chamber and one or more spray nozzles are located 
within the chamber to apply the solution to the core. In 
operation, as the velocity of air passing up through the chamber 
is increased, a point is reached where particles resting on 
the porous grid are suspended in the air flow as a fluid, hence 
the terms "f luidization" and "f luidized-bed dryer"* The 
particles are lifted by the upward force of the air out of the 
product chamber into the expansion chamber where the air expands 
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and the upward force per unit or area is reducd. This .Hows 
th. particles «o rail bac* into the product chasber and st«t 
tlxe cycle over. 

The initial step in the method Involve, introducing a 
particulate, hydratable core naterial into the reaction chafer 
e£ the f luidised-bed dryer and suspends the particles therein 
on a stream or air. Th. core particles preferably are composed 
cf a highly hydratable naterial, i.e. a material which is readr^ 
al spersible or soluble in water. The core materiel should erther 
disperse .rail apart by failure to maintain its intagrity, or 
dl ssolve by going into a true solution. Clay, (bentonlte. 
Kaolin,, non par.il., and agglon.er.ted potato starch ar. 
cch.id.r.d dispersible. »o„ pareils « .Pberical particles 
consisting of a solid nucleus that ha. been rounds into a 
spherical .hap. by binding layer, of powder and crystalled 
solut., g.n.r.lly .t.rch ana ..gar, to th. nucl.u. in a rotating 
spherical container end are preferred. »on par.il particles 
are often called "seeds". 

salt petiole. CaCl crystals, »aCl roc* salt, »aHC0 3 > are 
considered soluble. Also suit^l. are .„l»«.ted trisodiu* 
citrate, pan crystallised Ka=l flanes, bentonit. grenule. and 
prills, b^tonite/Xaolin/dlatomaeeou. earth dis.c-p.ileti.ed 
g ranul.s, and sodiue citrat. crystals. Th. cor. particle is 
cf a ».t.rial which is not dissolvsd during th. subs.gu.nt 
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spraying process and is preferably of a particle size from 1 50 
to 2,000 microns (100 mesh to 10 mesh on the U.S. Standard Sieve 
Series) in its longest dimension. 

By fermentation broth is meant the liquid in which the enzyme 
is produced by fermentation of a microorganism. The broth may 
be modified by deleting or adding material, e.g. filtration 
of cell solids or addition of binders, salts, pigments, 
plasticizers, and fragrances, however, it still contains the 
enzyme. It also may be concentrated or purified by removal 
or substitution of a portion of the liquid material, by such 
processes as ultrafiltration, extraction, and chromatography. 

Enzymes suitable for use in this method are those which are 
soluble or dispersible in the fermentation broth they are 
produced in and from which the volatile components of the 
fermentation broth can be removed to leave a residual layer 
of enzyme on the surface of the core material. Suitable enzymes 
include, for example, proteases (bacterial, fungal, acid, 
neutral, or alkaline), amylases (alpha and beta), lipases, and 
cellulases. The enzyme is present in the broth at from about 
5% to about 100% w/w of total solids, and fermentation broth 
solids range from about 0.5% to about 95.5% w/w of total solids 
in the fermentation broth, with any remaining solids comprising 
added metallic salts, sugars, pigments, binders, stabilizers, 
plasticizers, and fragrances such that total solids represent 
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„ - 31* Ww of th. fomentation ««--• Th ° tot6 ' inClUdin9 
m optional metallic salts, sugars. Pigments, binders, 
stsbilizers. plastidzers. a„a — . — Have a -sees! 
Xow enough to be pumpea ana atomized for effective spr.y-co.trng 
<typically 10 to 5,000 CPS at room temperature,. The broth 
solias ana ensy.es are appliea to the surface of the cor. 
serial by fluiaizing the core particles in a flow of air 
whereupon a broth containing the anzyme ana other solia. rs 
tfcen atomizea ana spr.yea into the expansion chafer of the 
.pray-coater. The atomizea aroplets contact the surface of 
th. cor. particles leaving a film of the solias .ahering to 
tbe surface of the particles when the water ana other volatile, 
are evaporated - 

* the top of the expansion 

Airflow is maintained upwards and out the top 

chamber through a filter. The filter may be located insiae 

or outsia. of the unit, or may be substitutea for by a scrubber 

or cyclon.. This filter tr.p. fine dried particles which 

contribute to asst. Pluiaizea-bed spr.y-co.t.rs th.t have this 

filter typically hav. automatic shahers which shaXe the filter 

t o pravant excessive restriction of th. .ir flow. In a praferred 

embodiment, th. sh.Ker unit is turned off during the last 5 

minutes of operations, thus reaucln, the aust content of th. 

product an. to release of fine, trapped within the filter. 

I„ another preferraa embodiment, th. filter is located outside 

the unit or substitutea by a scrubber or cyclone. 



SUBSTITUTE SHEET 



WO 93/07260 



PCIYUS91/07675 



11 

When recovering fermentation broth enzymes , the broth may be 
treated in various ways to achieve desired results* For example / 
the broth may be filtered to remove cells and cell debris or 
to remove microorganisms to yield a sterile product. The broth 
may be concentrated to achieve the desired total solids 
concentration of about 4% to about 31% w/w of the broth. 
Further, as mentioned above, salts, stabilizers, etc., can also 
be added as desired, and the enzyme may be concentrated or 
purified as desired. It is further a preferred embodiment of 
the invention that the weight gain of the solids in the broth 
applied to the core over the initial dry weight of the core 
is about 1% to about 19% w/w. 

In another distinct preferred embodiment, the desired total 
solids concentration is about 31% to about 55% w/w of the broth. 
In this embodiment, the weight gain of the solids in the broth 
applied to the core over the initial dry weight of the core 
is about 1% to about 100% w/w. 

Handling the enzyme in liquid form in the fermentation broth 
has the advantage of lowering the possibility of derma tologic 
contact due to dusting and produces a product which is dust- 
free and minimizes losses due to any extra step of drying, since 
the drying process is confined to a single, well-contained 
reactor. 
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,, aopliea to the core particles to 

— =»" iCient ^ " T t vi t„ the enzyme coatea particle., 
proviae the aesirea enzyme actxvity, 

„„ atill suspe „aea in the reaction chamber of the 
while stxll susp wlth . i ay er of . 

or later reintroauc ^ ^ is 

water soluble or water aisper £ „ applic . t ion 

•ccc-Plishea iu a manner «U- agent s incluae, 

- ~ — ^ic ana natural 
£ or example, fatty acia esters ge 

ivnwlated alcohols, polyvxnyx 
gp„s, alkorylatea ljtfl!lM , glycol. (PSG) 

al*ylP»enols ana -ore speczf really. P » alkoJtylates 
<TO le=ular weight <M«. 300 to 20.000.. 1-ear ale 

,.-,0. nolyvinyl acetate phthalate (PVAP) , 

itxxa 1 4 50 to 2,670), pOXyvx«j 

(MW 1.450 r 4,315) dinonyl 

polymeric nonylphenyl --- - - aroxyptopylM thyl 
phenyl ethorylete .average M« 6, 9 00 ^ y 
cellulose, ana other moaifiea celluloses. O 

luae sugars, starch Its. titanium aiciae. anther 

sealants, stabilizers, rel ,ents. binaers or pigments. 

it of the process is to proviae an enzyme coatea 
The net result of the pr surface 
core particle having a layer of the coating agent on its sur 
the desired dust-free en^e-containing particle. 
to »~th — -out « to about 3 1% w/ W total 

^en a fermentation gain of so lids versus 

solids content is used, the total wexg g 

« is preferably from about 1% to about 24% w/w 
•Hie initial core is preiei^ jr 

« e i. used. ana preferably from about 1% to about 
when e coating is u~a, , £er mentation broth 

19 % w/w vhen a coating xs not us 
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with about 31% to about 55% w/w total solids content is used, 
the total weight gain of solids versus the initial core is about 
1% to about 100% whether a coating is used or not. 

The dust-free enzyme particles of the present invention can 
be used wherever enzymes are needed in a dry system* Thus, 
they can be used as additives to dry detergent formulations, 
for removing gelatin coatings on photographic films to aid in 
silver recovery, in the digestion of wastes from food processing 
plants for nitrogen recovery, in denture cleansers for removing 
protein bound stains, in food preparation , and as a processing 
aid in waste water treatment. 

The following examples are representative and not intended to 
be limiting. One skilled in the art could choose other enzymes, 
broths, cores, and coating agents based on the proportions of 
ingredients taught herein. 

Preferred Embodiments 

Example 1 - Lab-Scale Spray-Coating of FNA Protease Onto Non 
Pareils, With Gum Arabic Coating Agent* 

A WSG-5 fluidized-bed granulator was charged with 3800 grams 

of -3 5/ +40 mesh non-pareil cores or seeds and heated to 60° 

C and fluidized. A two liter aqueous protease ultrafiltration 
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concentrate — , 3.8* «/» enzyme - MMl ;° lid5 

{36 .« »/w of total solid, were ^1 was sprayed onto the 

a 95" C inlet temperature and a 40° - 50 
suspended cores at a 95 c xnxet 

The spray rate was about 45 ml/minute 
C outlet temperature. The spray 

<m in, and enzyme coating or plating too* 37 minutes, result ug 
in an satiated weight gain of 210 grams, or 5.5. -/«. At thzs 
point. 230 grams o £ materiel was remove* for suoseguent analysis, 
leaving 3780 5 ra™ of enzyme ooated aotive cores. A coating 
agent solution containing 60 grams gum arable in 600 ml water 
was applied at 40 ml,min, the entire granulation or 
la sted 56 minutes. The final product weighed approximately 
grams, representing a ,.6, increase over the enzyme-plated cores, 
and a 7.2. net increase in weight over the initial core weight. 

saffiEi2 ^ . ^-scale Spray-Coating of FHA Protease onto «on 
Pareils, with PEC 8000 and TiQ 2 coating Agents. 

A ws G -5 fluidised-hed gr.nul.tor w.s charged with 5000 gra~ 
o£ .ao/,,0 mesh non pareil cores or seeds which ware fluidlzed. 
& 17 86 ml agueous protease concentrate confining 3.8% w/w enzyme 
ana n o.5% w/w total solids ... in Example 1) was sprayed onto 
the cores at an inlet temperature of about 70- C and an outlet 

♦ ™ of 40- - 50° C. The weight gain due to the protease 
temperature of 40 - ov 

™- 3 8% w/w. A coating agent solution containing 
was 188 grams, or 3.8% w/w. « 

15 0 grams PEG 8000 and 250 grams TiO, in 1 «ter of water was 
sprayed on the enzyme-coated non pareils which were dried. 
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The final product weighed 5560 grams, representing an 11.2% 
increase over the initial core weight. 

Example 3 - Spray-Coating of Lipase Onto Non Pareils, With 
Hydroxypropylmethylcellulose (Opadry White) 
Coating Agent. 

A Uni-Glatt laboratory f luidized-bed spray-coater 
was charged with 960 grams of -20/+40 mesh non pareil cores 
or seeds which were fluidized. A 1700 ml aqueous lipase 
concentrate of 6.9 gram/liter lipase with 4.9% total solids 
was sprayed onto the non pareil cores at an inlet temperature 
of 50° - 66° C and an outlet temperature of 38° - 42° C and 
an atomization pressure of 2.5 bar. Enzyme was 14.1% of total 
solids. The enzyme-coated cores weighed 962 grams, an increase 
of 5.0% w/w. After enzyme layering and reactor cleaning, a 
coating agent solution containing 70 grams Opadry White, a name 
used in trade for hydroxypropylmethylcellulose, and 400 grams 
water was sprayed onto the enzyme coated active cores, resulting 
in coated product weight of 1032 grams, a net increase of 12.7% 
w/w. This product contained 78% of the original active lipase 
in the feed concentrate. The product granules lost no activity 
after incubation at 26.7° C and 80% relative humidity over two 
weeks . 

Example 4 - Spray-Coating of Detergent Cellulase Onto 



substitute: sheet 
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Non Pareils, Without Coating Agent. 



A Uni-Glatt laboratory f luidized-bed spray-ooater was charged 
with 1000 grams of -20/+40 mesh non pareil cores or seeds which 
were fluidized. An 840 ml aqueous cellulase concentrate 
containing 172 gram/liter enzyme and 24.7% total solids was 
sprayed at an inlet temperature of 50- - 64«C and an outlet 
temperature of 38* - 46'C at a spray-rate of about 10 ml/min. 
Enzyme represented 69.6% of total broth solids. At the end of 
the run, 1143 grams of product were recovered, representing 
a 14.3% w/w increase over the non pareil cores. Recovery of 
active enzyme was 98.8% of the ultrafiltration concentrate feed, 
as measured using bFPU units. 

ExamP le 5 - Large-scale Spray-Coating of FNA Protease Onto Non 
Pareils, With PEG 8000 and Ti0 2 Coating Agents. 

A modified Aeromatic S-8 f luidized-bed granulator was used for 
a large-scale spray-coating run. The coater was loaded with 
681.8 kg (1500 lbs) non pareil seeds of -20/+40 mesh. 
The bowl was raised into place and the cores fluidized with 
65" C inlet air until the outlet air temperature reached 4S° 
C. A 100.4 kg aqueous protease enzyme concentrate containing 
5.94 w/w active enzyme and 21.3% w/w total solids was sprayed 
onto the cores using a 1.8 mm multiple-head Schlick nozzle at 
4 bar atomization air pressure. The outlet air temperature 



SUBSTITUTE SHEET 



WO 93/07260 



PCT/US91/07675 



17 

was maintained between 40° and 50 °C. Enzyme represented 27.9% 
w/w of total feed solids. Enzyme coating or layering took about 
80 minutes, excluding a 15 minute shutdown to examine the product 
in the bowl for coating uniformity. The application rate was 
about 1.2 liters per minute. By calculation, this represented 
a weight gain of 3.1% w/w over the cores. The bowl was 
temporarily removed and the machine was cleaned. Overcoating 
was then applied to the enzyme granules in the same dryer/coater 
unit* The coating agent solution consisted of 123.6 kg of tap 
water heated to 50° C, in which 67.4 kg PEG 8000 and 33.7 kg 
TiC>2 were dissolved or suspended to give a 150 liter solution. 
The enzyme coated granules were fluidized and heated to 45° 
C as before. Atomization air pressure was held at 4 bar and 
outlet air temperature varied between 40° C and 50° C. The 
total coating run time was 1 36 minutes with an application rate 
of about 1.1 liter per minute. After coating, the product was 
dried for four minutes until the outlet temperature reached 
48°C, then cooled for 14 more minutes until outlet temperature 
reached 32 °C. The bowl was removed and the product sieved to 
a -16/+40 cut. The mass balance is shown in Table 1. The final 
product represented a net increase of 13.0% w/w over the core 
weight using the actual product weight or a net increase of 
17.9% w/w over the core weight using the theoretical sum of 
ingredient weights. Product dust was extremely low. The product 
granules produced 0.3 milligrams total dust and 2.42 micrograms 
protease dust per 60 gram sample when subjected to a 40 minute 
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standard elutriation test. 



Raw 



Materials. 



Cores 

Enzyme Solution 

(5.94 % w/w enzyme) 
PEG 8000 
TiO- 



TABLE 1 



Dry 

Weight 

(kc 
681 .8 
21 .4 

67.4 
33.7 



percent 
of 

Feed 
84.8 
2.7 

8-4 
4.2 



Pure 
Enzyme 
(kt 

5.96 



Percent 
of 

Feed 
100.0 



TOTAL 



804.3 100.0 



S.96 



100.0 



■p-nA Products 

(0.68 % w/w enzyme) 
product (+40 mesh) 
Fines (-40 mesh) 

TOTAL 



769.7 95.7 
2.0 0.2 

771.7 95.9 



5.24 
0.01 

5.25 



87.9 
0.2 

88.1 
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Example 6 - Large-Scale Spray-Coating of Alkaline Protease Onto 
Non Pareils, With Hydroxypropylmethylcellulose and 
Ti0 2 Coating Agents. 

A WSG 300 granulator is charged with 700 kg of non pareil 
seeds or cores of -20/+40 mesh and the cores are fluidized. 
A 36 kg concentrated aqueous solution containing 10% w/w protease 
and 29% w/w total solids, with enzyme 34.5% w/w of total solids, 
is sprayed onto the fluidized cores. Spraying is continued 
until the total charge weighs 710.4 kg, which represents a 1.49% 
w/w gain over the initial core weight. A coating agent solution 
consisting of 3.5 kg hydroxypropylmethylcellulose 3.5 kg Ti0 2 , 
and 30 kg water is sprayed on the fluidized enzyme coated cores. 
The total product weight is 717.4 kg, which represents a total 
weight gain of 2.49% w/w. 

Example 7 - Large-Scale Spray-Coating of Cellulase Onto Non 

Pareils, With PEG 20,000 and Ti0 2 Coating Agents. 

A WSG 300 granulator is charged with 700 kg non pareil seeds 
of -20/+40 mesh and the seeds are fluidized. A 334 kg aqueous 
concentrated cellulase solution containing 26% w/w cellulase 
and 39% w/w total solids, with enzyme 66*7% w/w of total solids, 
is sprayed onto the fluidized cores. Spraying continues until 
the total charge weighs 830.3 kg, which represents a gain of 
18.6% w/w over the initial core weight. A coating agent solution 
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consisting of 18.5 kg PEG 20,000, 18.5 kg Ti<> 2 , and 100 kg water 
is sprayed on the fluidized enzyme coated seeds. The total 
product weight is 867.3 kg, which represents a total weight 
gain of 23.9% w/w. 

ExaroP le 8 - Spray-Coating of High Solids Protease Onto Hon 
Pareils, With PEG 8000 and Ti0 2 Coating Agents. 

A Glatt GPCG-5 fluidized-bed granulator is charged with 10.0 
kg non pareil seeds. A 4766 gram aqueous Bacillus lichenformis 
subtilisin ultrafiltration concentrate containing 20% w/w enzyme 
solids and 32% w/w total solids, with enzyme 63% w/w of total 
solids, is sprayed onto the fluidized cores at a rate of 85 
g/minute and an atomization air pressure of 2.5 bar. The inlet 
air temperature is about 70« C and the outlet temperature is 
about 48" C A coating solution of 2000 grams PEG 8000 and 
500 grams Ti0 2 , suspended in 10 liters of water, is then sprayed 
onto the enzyme-coated cores under the same conditions. The 
final coated product weighs 14.0 kg, a weight gain of 40% w/w. 

Example 9 - Spray-Coating of High Solids Cellulase Concentrate 
~~~ Onto Non Pareils, With PEG 8000 and TiQ 2 Coating 

Agents . 

A Uni-Glatt laboratory spray-coater is charged with 600 grams 
non pareil seeds. At an inlet temperature of 60- C an outlet 
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temperature of 42° C, and an atomization air pressure of 3 bar, 
an aqueous cellulase concentrate of 455 grams containing 30.3% 
w/w enzyme and 39.5% w/w total solids , with enzyme 77% w/w of 
total solids, is sprayed onto the fluidized cores, increasing 
the weight of the cores to 780 grams, a 29.7% w/w increase. 
A coating solution containing 200 grams PEG 800 and 200 grams 
Ti0 2 in 1.5 liters of water is sprayed on the cores under the 
same conditions. The harvested product weighs 1180 grams, a 
net increase in weight of 97% over the original cores. 

Example 1 0 - Spray-Coating of Protease Concentrate With Added 
Salts Onto Non Pareils, With Gum Arabic and Ti0 2 
Coating Agents. 

A Uni-Glatt laboratory spray-coater is charged with 800 grams 
non pareil seeds. A 500 ml aqueous protease concentrate weighing 
520 grams and containing 8% w/w protease and 24% w/w total solids 
is modified by dissolving 100 grams of stabilizer salts 
in the concentrate. These additions increase the solution volume 
to 540 ml and the solution weight to 620 grams. The modified 
concentrate, with 6.7% w/w enzyme solids and 36.3% w/w total 
solids, is sprayed onto the fluidized cores at an inlet 
temperature of 50° C, an outlet temperature of 40° 
C, and an atomization air pressure of 3.5 bar. This increases 
the product weight to 1025 grams, a 28.1% w/w increase over 
the core weight. A coating solution containing 120 grams gum 
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arable and 60 ,r». Ti° 2 Is then ^aycd over these cores 
resulting in e iinal product »ei g ht of 120 S ^— . a net increase 
of 50.6% w/w. 
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Claims 
We claim: 

1. A process for providing a dry, dust-free particle from 
a fermentation broth in which an enzyme was produced, 
comprising: 

a) introducing hydra table cores into a fluidized- 
bed spray-coater or building up hydratable cores 

in a f luidized-bed spray-coater and maintaining the cores 
suspended in the spray-coater 1 s reaction chamber; 

b) providing a fermentation broth containing from about 5% 
to about 100% w/w of the total solids therein of a water 
soluble or dispersible enzyme produced in the fermentation 
broth; a total solids content of 4% - 31% w/w of the 
fermentation broth such that the broth has a viscosity 

of 10 - 5,000 cps at room temperature? and 

c) spraying the broth onto the core particles and evaporating 
the liquid to leave the broth solids coated on the core 
particles, such broth solids added to the core particles 
providing a total dry weight gain from 1% - 19% w/w. 

2. A process according to Claim 1 further comprising the step: 
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u spraying a coating agent dissolved in liquid over th. 
product of step <C and evaporating the liquid to leave 
the coating agent over the solid, of step (c, such that 
th. total broth solids and coating a 9 ent added to the oor. 
partiolas provide a total dry weight gain of from 1% - 
2 „ „/„ over the initial weight of the oore particles. 

, A process for providing a dry, dust-free particle fro. 
a mentation hroth in which an enzym. was produced, 
comprising: 

a) introducing hydretable cores into a fluidiaed- 
bed spray-coater or building up hydratable cores 

iB a fluidised-bed spray-coater and maintaining the cores 
suspended in the spray-coater' s reaction chamber; 

b) providing a fermentation broth containing from about 5% 
to about 100% w/w of the total solids therein of a water 
soluble or discernible enzym. produced in the refutation 
broth, a total solids content of 3" - «« «/w of the 
fermentation broth such that th. broth has a viscosity 

of ,o - 5,000 cps at room temperature! and 

c, spraying the broth onto the core particles and evaporating 
th. liquid to leave th. broth solids coated on th. cor. 
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particles, such broth solids added to the core particles 
providing a total dry weight gain from 1% - 100% w/w. 

4. A process according to Claim 3 further comprising the step: 

d) spraying a coating agent dissolved in liquid over the 

product of step (c) and evaporating the liquid to leave 
the coating agent over the solids of step (c) such that 
the total broth solids and coating agent added to the core 
particles provide a total dry weight gain of from 1% - 
100% w/w over the initial weight of the core particles. 

5. A process according to Claim 1 or Claim 3 wherein the 
fermentation broth has been filtered to remove microorganism 
cells or cell debris. 

6. A process according to Claim 1 or Claim 3 wherein the 
fermentation broth has been processed by a protein 
purification or concentration technique. 

l m A process according to Claim 1 or Claim 3 wherein the 

fermentation broth has had metallic salts, sugars, pigments, 
binders, stabilizers, plasticizers or fragrances added 
to it. 

8. A process according to Claim 1 or Claim 3 vherein the enzyme 
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is a protease. 



9. A process 

is a lipase 



according to Claim 1 or Claim 3 wherein the enzyme 



10. A process 

is a cellulase 



according to Claim 1 or Claim 3 wherein the enzyme 



11. A process 

is an alkaline protease 



according to Claim 1 or Claim 3 wherein the enzyme 



12. A process 

is an amylase 



according to Claim 1 or Claim 3 wherein the enzyme 



13. A process 
the step: 



according to Claim 1 or Claim 3 further comprising 



utilizing a spray-coater with a filter or scrubber located 
outside of the spray-coater reaction chamber. 

14. A process according to Claim 13 wherein the spray-coater 
has an automatic filter shaking device. 



15. A process 
step: 



according to Claim 14 further comprising the 



SUBSTITUTE SHEET 



WO 93/07260 



PCT/US91/07675 



27 

turning off said automatic filter shaking device 
during the last 5 minutes of the coating process. 
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